Introduction
Systemic lupus erythematosus (SLE) is a multisystem autoimmune disease that accounts for up to 10% of all pediatric rheumatic disease in the United States. Between 50-80% of children and adolescents with SLE will have kidney involvement at some point during their lifetime. [1] [2] [3] [4] [5] [6] Recognition and treatment of kidney disease is important because survival has been shown to be decreased in pediatric patients with SLE and kidney disease compared to those without kidney disease. 6 Kidney biopsy is the gold standard method for detection of lupus nephritis. However, it is an invasive procedure, often requiring sedation in younger patients. The American College of Rheumatology (ACR) has recently proposed guidelines for case definition of lupus nephritis. 7 These guidelines were developed using systematic literature review and the opinions of qualified experts including nephrologists, pathologists, and rheumatologists as well as independent review panels. Our goal was to define predictors of kidney involvement in a cohort of pediatric patients with SLE using both the ACR case definition of lupus nephritis and biopsy-confirmed renal involvement.
Methods

SLE cohort
Incident and prevalent pediatric patients, defined as age 19 years at SLE onset, were recruited into this cohort study from Johns Hopkins Children's Center and Children's Hospital of Philadelphia. Institutional review board approval was obtained at both institutions and all subjects/families enrolled in the cohort study consented for participation. Subjects enrolled in the cohort have study follow up in conjunction with clinic visits every 3 months or more frequently if medically necessary. Patients presented with SLE from January 2002 through December 2012. All patients met the ACR classification criteria for SLE. [8] [9] [10] Demographic data including age at visit, age at lupus diagnosis, gender, race, and ethnicity were collected for enrolled subjects (both incident and prevalent SLE diagnosis) at cohort entry. At prospective 3 month visits, medication and laboratory data including complete blood count, erythrocyte sedimentation rate, basic metabolic profile, urinalysis, spot urine protein to creatinine ratio, complement levels (C3, C4), and autoantibodies including ANA, dsDNA, Ro, La, Sm, and RNP antibodies were collected. Disease activity indices were also calculated at each visit. The SLE Disease Activity Index (SLEDAI) and the Systemic Lupus Activity Measure (SLAM) have been validated in children. The SLEDAI is a weighted, cumulative index that is grouped into nine organ systems. The organ systems include central nervous system, vascular, renal, musculoskeletal, serosal, dermal, immunologic, constitutional, and hematologic. The SLAM is used to assess degree of disease activity within the preceding month and includes clinical manifestations and eight laboratory parameters, each weighted.
For individuals entering the cohort with a prior diagnosis of SLE, retrospective chart reviews were performed to record clinical and laboratory data from the time of initial SLE diagnosis to the time of cohort entry.
Definition of renal disease
The ACR criteria for kidney involvement include case definition of lupus nephritis and recommendations for kidney biopsy. The indications of lupus nephritis are the following: (1) persistent proteinuria of >0.5 g per day, or greater than 3 þ by dipstick, and/or (2) urinary cellular casts including red blood cells (RBCs), hemoglobin, granular, tubular, or mixed. An ''active urinary sediment'' defined as >5 RBC/high power field (hpf), >5 white blood cells (WBC)/hpf in the absence of infection, or cellular casts limited to RBC or WBC casts can be substituted for cellular casts. The authors noted that a spot urine protein/ creatinine ratio of >0.5 can be substituted for the 24 hour urinalysis. The ACR recommendations for kidney biopsy include: increasing serum creatinine from unknown cause, or proteinuria !1 g per 24 hours (either in 24 hour urine specimen or spot protein/creatinine ratio) or a combination of the following: proteinuria ! 0.5 g per 24 hours plus hematuria defined as ! 5 RBCs per high power field or proteinuria ! 0.5 g per 24 hours plus cellular casts. 7 Renal disease was also defined by biopsy proven lupus nephritis as classified by current International Society of Nephrology/Renal Pathologic Society (ISNRPS) classification criteria. 11 The pathology in these children has a broad range of activity, from minimal mesangial involvement (ISNRPS class I) to diffuse proliferative glomerulonephritis (ISNRPS class IV) and advanced sclerosing lupus nephritis (ISNRPS class VI). We included all types of renal pathology in these analyses as there were too few numbers in each individual category for independent analyses. Biopsies were performed if deemed clinically necessary by the treating physician.
Statistical analysis
Using cross-sectional analysis, we compared clinical and demographic characteristics for individuals with and without kidney involvement at first presentation to rheumatology or nephrology clinic. The group without kidney disease at initial clinic presentation was further divided to include children who eventually developed kidney disease vs. those who never developed renal disease during follow-up. Univariate logistic regression analyses were used to determine the association between clinical and laboratory variables with kidney disease in patients who presented to the cohort with renal involvement (renal disease diagnosed within 30 days of initial SLE diagnosis). Power calculations indicated that with this sample size of patients, population effect size of change in values by three points, and significance level of 0.05, there was 80% power to detect significant associations between variable and kidney disease. In order to avoid Type I error, we calculated the power of the analyses at a lower significance level. For significance level of 0.01 with the same sample size and effect size, we had 72% power to detect variables associated with kidney disease. Multivariate analyses controlling for race as a potential confounder were also calculated.
Time to event analyses were used to determine the association between clinical and laboratory variables and SLEDAI AND SLAM to predict and the onset of renal disease. Time at risk was calculated using date of SLE diagnosis as the start date and last visit before the patient either met the ACR case definition for LN and/or had diagnostic kidney biopsy as the end date. Failure, or the event of interest, was defined as the development of kidney disease. Pathologic evidence of kidney disease was used for those patients who underwent biopsy. For those who did not undergo biopsy, kidney disease was defined using the ACR criteria as noted above.
Cox proportional hazard ratios were used to determine predictors of kidney disease. Both univariate and multivariate analyses were performed, controlling for race in the multivariate analysis. Clustering by identification number was used to account for multiple measures within the same patient. Power analyses show that with this sample size, we had 82% power to detect a change in variables over time and association with kidney disease.
Demographic characteristics included gender, race, and ethnicity. Laboratory data used in these analyses included autoantibodies, including dsDNA, Ro, La, Sm, and RNP, complement levels, hemoglobin, albumin, sedimentation rate, and urinalysis. Laboratory variables were defined as abnormal if they were noted to be outside of the recommended ranges. dsDNA titers were noted as either positive or negative; C3 was defined as low if <79 mg/dL; C4 was low if <12 mg/dL; low hemoglobin was defined as <11 g/dL, low albumin as <3.5 g/dL, and sedimentation rate was noted to be elevated if >20 mm/ hour. Mean SLEDAI and SLAM disease activity scores were also included in the analyses. There was no missing data from the visit prior to the onset of renal disease; other missing data were imputed. Data were analyzed using STATA, version 12 (Stata Corporation, College Station, TX); p-values less than 0.05 were considered significant.
Results
Forty-seven pediatric patients with SLE were recruited into this cohort study; 90% of patients were enrolled in the cohort at the time of initial diagnosis of SLE. In the remaining 10% of subjects, enrollment in the cohort occurred within six months-one year from the time of SLE diagnosis. For these patients, data from the time of SLE diagnosis to time of cohort enrollment were collected through chart review. The number of visits in this cohort was 12.9 AE 7.6 with over 126 person-years of data. Demographic and clinical characteristics by the presence or absence of kidney disease at initial presentation are shown in Table 1 .
Twenty-eight (60%) of the cohort met the case definition for renal involvement either at presentation or in follow up. These included 24 patients who underwent renal biopsy and four patients with lupus nephritis by ACR. These four patients were deemed not stable enough to undergo renal biopsy by the physician, and were subsequently treated for presumed renal disease. In 14 of these 28 patients, renal disease developed within one month of the diagnosis of SLE. In the other 14 patients, kidney disease manifested a median of 3.3 AE 2 years from the initial SLE diagnosis (Figure 1) .
All of the males in the cohort developed kidney disease, and all within one month of the diagnosis of SLE (Table 1 ). There were no differences noted in race or Hispanic ethnicity between those who presented with either early or late onset kidney disease. There was an increased predominance of anti-Sm antibodies and active urinary sediment in subjects presenting with renal disease at baseline.
We sought to identify associations between clinical or laboratory data and presence of kidney disease at SLE diagnosis ( Table 2 ). In logistic regression analyses, low serum albumin (odds ratio (OR): 3.7, 95% confidence interval (CI): 1.4-9.5) and presence of dsDNA antibodies (OR: 3.4, 95% CI: 1.5-7.6) were associated with kidney involvement. Patients with a malar rash were less likely to have concomitant renal disease and this relationship remained significant after adjusting for race (OR: 0.5, 95% CI: 0.2-0.9).
Out next goal was to determine clinical or laboratory factors that may be predictive of kidney disease in longitudinal analyses, focusing on the subjects with late onset renal disease (Table 3 ). In univariate analyses, isolated sterile pyuria was predictive of future kidney disease (hazard ratio (HR): 3, 95% CI: 1.3-7) and this relationship remained significant after controlling for race (HR: 2.5, 95% CI: 1.1-6.4). The mean time between noting isolated sterile pyuria and development of kidney involvement was 3 months (range 2-6 months). A low serum albumin was also predictive of kidney disease (HR: 3.4, 95% CI: 1.7-6.9). The mean time between findings of low serum albumin and kidney involvement was 2.5 months In those patients with kidney disease, renal involvement presented within 5 years of the initial diagnosis of SLE.
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(range 2-4 months). The presence of Ro antibody was protective against future renal disease in this cohort (HR: 0.2, 95% CI: 0.05-0.5).
Discussion
Kidney disease in pediatric patients with SLE can lead to increased morbidity and mortality. Developing biomarkers is highly desirable, as they could provide the basis for developing and testing the efficacy of strategies of treating renal disease before it becomes overt and, thus, theoretically reducing the development or severity of renal damage.
In patients with later onset renal disease, we found that isolated sterile pyuria was predictive of renal disease in longitudinal analyses. Isolated sterile pyuria has been noted in up to 13% of 198 adult patients with SLE in a cross-sectional study. 12 In a study by Rahman et al., 215 of 946 (23%) had at least one episode of sterile pyuria over the observation period. 13 The majority (59%) of these had a past history of at least one other renal manifestation. However, of the 88 patients who had no past history of renal disease, two-thirds subsequently developed kidney involvement over a mean of 1.6 years. Sterile pyuria can be associated with multiple etiologies besides SLE, including infections and medications, particularly non-steroidal anti-inflammatories (NSAIDs). In our cohort, there was no evidence of infection in the patients with sterile pyuria. Additionally, these patients did not report chronic use of NSAIDs; however, intermittent use of NSAIDs is possible.
The presence of malar rash was protective against concomitant renal disease in our analyses. In a longitudinal study of 241 pediatric SLE patients, patients without skin disease, including malar rash, showed higher renal and hematologic involvement both at the time of diagnosis and during follow-up. 14 This potential inverse relationship between skin and renal disease would be important to confirm in a large cohort.
Antibodies against dsDNA are a classic marker for the diagnosis of SLE. In a longitudinal study of 53 adult SLE patients observed monthly for one year, increases in anti-dsDNA levels were noted before overall disease flares occurred. 15 However, this trend did not translate to prediction of renal flares. In fact, concurrent decreases in anti-dsDNA levels were associated with renal involvement. Another study comparing 14 patients with anti-dsDNA antibodies and nephritis to 14 patients with anti-dsDNA antibodies and no nephritis demonstrated that the antibodies were indistinguishable, indicating that the development of renal disease is multi-factorial and not solely predicted by antibody status. 16 In our sample, we found that dsDNA antibodies were present in patients with renal disease at SLE diagnosis but were not predictive of future involvement. Changes in serum complement levels have also been associated with kidney disease. In a study by Ho and Petri, decreases in serum complement levels, C3 and C4, were associated with a concurrent almost twofold increase in renal disease activity. 17 Other studies have shown that persistently low levels of C1q are associated with continued activity in diffuse proliferative glomerulonephritis. 18 Yet, these markers do not necessarily correlate with disease flares. In one study, 12% of patients with hypocomplementemia and elevated anti-dsDNA antibodies had no evidence of active clinical disease. 19 Anti-Ro antibody, which can also be found in patients with Sjogren's syndrome, rheumatoid arthritis, and primary biliary cirrhosis, is noted in 30-50% of patients with SLE. 20 Anti-Ro antibodies in patients with SLE have been associated with neonatal lupus heart block, photosensitivity, and valvular heart disease. [21] [22] [23] In a study by Moon et al., investigators noted that adult patients with lupus nephritis and anti-Ro antibody had a decreased chance of renal relapse. 24 Another report by Chien et al. showed that kidney disease in adults with SLE was associated with absence of anti-Ro antibody, 25 suggesting a protective effect. However, Korbet et al. found that the presence of anti-Ro antibody was associated with progression to end stage renal disease in adult SLE patients with severe lupus nephritis. 26 In our study, the presence of Ro antibody was protective against development of future renal disease. As far as we know, this is the first observation of this relationship in pediatric patients with SLE.
As noted, traditional laboratory tests, such as complement and antibody levels, may vary with disease activity. Other investigative laboratory studies have also been reported to correlate with disease activity. An increased expression of interferon-activated genes in peripheral blood mononuclear cells has been associated with increased disease activity. 27, 28 Increased levels of erythrocyte-bound C4d correlated with increased disease activity in one study, 29 but not another. 30 Urinary biomarkers for kidney disease including neutrophil gelatinase-associated lipocalin, monocyte chemoattractant protein-1, and hepcidin have also been studied as predictors of renal inflammation. [31] [32] [33] [34] [35] [36] [37] [38] At the moment, these tests are only available as investigational tools, but there is potential for widespread use in the future.
Our study has some limitations. The sample size was relatively small and included 14 patients with renal disease at the time of SLE diagnosis and 14 patients with renal disease during longitudinal follow-up. We performed power calculations showing that we had 80% power to detect associations between variables and kidney disease and a significance level of 0.05; and 72% power at a lower significance level of 0.01. These power estimates demonstrate that the risk of type I or type II error is relatively low in our cohort. Our findings may not be generalizable to other populations. Our cohort is predominately African American and our findings may not be the same in Caucasians or Hispanics with SLE. There is a need to develop larger cohorts to define reliable biomarkers. Patient data were reported from clinic visits 3 months before onset of renal disease. It is possible that these same laboratory results would be different if collected closer in time to the onset of kidney disease.
Medication use varied throughout the cohort. There was no significant predictor of any immunosuppressive agent with the future onset of renal disease. However, this may be due to differences in prescribing practice and treatment of SLE between the two centers. Other disease manifestations may prompt earlier immune suppression treatment and alter the expression of kidney disease. Non-steroidal anti-inflammatory drugs (NSAIDs) were used in 20% of patients during the study; however, no NSAID use was noted in patients with isolated sterile pyuria.
In these analyses, we have identified clinical and laboratory indices associated with kidney disease in a cohort of pediatric patients with SLE. The presence of isolated sterile pyuria and low serum albumin were predictive of renal disease; whereas, anti-Ro antibodies were protective. The recognition of these potential indicators may help clinicians identify patients at risk for kidney disease before its onset thus potentially preventing long-term complications.
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